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CHARTS FOR ESTINQTING PERFORMANCE .OF HIGH-PERFORMANCE HELICOPTERS

By ALFREDGmsow and ROBEYETJ. TAPscom

SUMMARY

Theortnh%alhderived Chart$8h0wi71Ui%? profidrag-thmst
ratio are pre8&d for helicopter rotors opertii~ in forward
flight md havi~ hi~ed rectangular bti with a linear twid
oj 0°, —8°) and —16°. The charts, showing the projile-drag
charact.%stim oj t-h rotor for vm”ou.s combiruztio~ oj pitch
angle, ratio oj thnti coe_f&ientto solidity, and a paramei%r
representing shajl power inpul, are prewnted for tip-speed
ratios ra~ing jrom 0.06 to 0.60. 430 presenied in churlform
are ti ratio oj thrwt coemt to solidtiy a-s a junction of
in$ow ratio and blade pitch angh and the retreating-blade
angles oj attuck m a junction oj in. ratio and collective
pitch and as a junction of power and thrwt coejii%m%.

Th charts of tiis report di~er from the rotor perjormmwe
papers previwdy publtihd by the National Adtiory Com-
miti.eejor Aeronuutia in that the theory on which the charts
are bawd inchwh an approxitie a-h-wancefor stult in the
rever8ed--ow region and contains no 8mulLangb wsumptio-m
regardi~ blaa%sectioninjhw angltx and velocities. The charts
oj thti report are tlwrejore cmwideredmore accurate than pre-
vious one8jor jlight conditions involvi~ high injlow vekmitia
and .?urgeregiow oj reversed vehxty that may be encountered
~ high-pe~onnunce h&coptir8. The assumption is made,
huwever,that OWide of the reversedmldty region, the section
anglm oj attack are smul.l;T%Wthe angles can be repla.eedby
their sine. In addition, otbr than including an approximate
allowancejor std in the reverse&velocityrq7ion, the charts do
not include 8t4zl.1and compressibility efea%.

The than%may be uxed to study the e$ecis of design changes
on rotor perjornuma and to indti optimum perjornunwe
condition8tm weU m to mtinuu%quickly rotor perjormmwe in
forward jlight. They are also useful in obtaining in$ow-ratio
and pitch-angb values jor we in caLxda$ingjlzpping co&-
tints and spantie loadi~s. The method of applying the
chartx to perjorman.cemtimuiion & illw!rated through sample
calcula.iionof a typical rotor-perjonruma problem.

INTRODUCI’ION

Equations were presented in reference 1 from which the
thrust, the accelerating and decelerating torque, and the
protlle-drag power of a hinged rotor operating at high tip-
speed ratios and inflow anglea could be oab.dated. Because
the equations do not place any limitation on the magnitude
of the inflow angle “or on the rotor angle of attack, they are
considered more accurate than previous analyses when
npplied to high-speed helicopters and to certain types of con-

vertible aircraft. This report is an extension of reference 1
in that tb e equations of that reference are used as the basis of
a method for calculating the performan ce of lifting rotors over
a tide range of operating conditions.

Because the basic equations are lengthy, the application of
the method is considerably simplified by presenting the more
lengthy equations in the form of charts from which rotor
performance can be quickly estimated. The charts cover
operation at any rotor angle of attack at tip+peed ratios
varying from 0.05 to 0.50 for blades that are twisted 0°, —8°,
and — 16° (negative twists correspond to blade pitch angles .
at the tip which are lower than at the root). With the
exception of an approximate allowance for stall in the
reversed-velocity region, the charts do not include stall and
compressibility effects.

Limit lines showing conditions for which blade angles of
attack exceed specified values at given radial stations are
included in the charts. These limit lines are useful in
determining operating conditions at which stalling beggs
and for determining the limiting operating conditions.
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SYMBOLS

slope of curve of section lift coefficient against sec-
tion angle of attack, per radian (assumed equal
herein to 5.73)

number of blades per rotor
L

rotor lift coefficient, +PV%R’
P

rotor-shaft power coefficient, ~R2p(QR)3
T

rotor thrust coefficient, UR2P(QR)2
blade section chord, ft
equivalent blade chord (weighted on thrust basis),

J
‘er%r

o

J

1ft
‘@dr

o

section pro fNedrag coefficient
section lift coefficient
helicopter parasite drag, lb
rotor profile drag-lift ratio

parasite-drag area, $9 Sq ft

mass moment of inertia of blade about flapping
hinge, slug-ft’
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rotor lift, lb
rotor+lmft power, ft-lb/sec
shaft-power parameter, where ~ (in this ratio only)

is equal to rotor-shaft power divided by velocity
along flight path and is therefore also equal to
drag force that could be overcome by shaft power
at flight velocity

blade radius measured from center of rotation, ft
radial distance from center of rotation to blade

element, ft
rotor thrust, lb
hue airapwd of helicopter along flight path, fps
induced veJocity at rotor (always positive), fps
helicopter gross weight, lb
ratio of blade-element radius to rotor-blade radius,

r/R
rotor angle of attack; angle between mis of no

feathering (that is, axis about which there is no
cyclic-pitch change) and plane perpendicular to
flight path, positive when axis is inclined rear-
ward, deg

blade-element angle of attack, mwxwred from line of
zero lift, deg (when used in three+mn drag polar
in fig. 1 (b), a, is expressed in radians)

blade-elament angle of attack at any radial position
x and at any blade azimuth angle ~, deg; for
example, cw .O)(ZW)is blade-element angle of attack
at tip of retreating blade at 270° azimuth position

a(u~.~.,)(m.) blad~element angle of attack at radius at
which tangential-velocity equals 0.4 tip speed
and at 270° azimuth position, deg

7 flight-path angle Qositive in climb, negative in
glide), deg

0J5 blade-section pitch angle at 0.75 radius; angle be-
tween line of zero lift of blade section and plane
perpendicdar to asis of no feathering, deg

el diflmence between blade root and blade-tip pitch
anglw, positive when tip angle is larger, deg

A
Vain a—v

inflow ratio, ~R

V cos a
P tip-speed ratio, ~

P mass density of air, slugg/cu ft
rotor solidity, bcJ~R

$ blade azimuth angle measured from downwind posi-
tion in direction of rotation, deg

Q rotor anjggm veloci@, radians/see
subscripts:
c

i

o

P
v

The

climb
induced
profile
parasite
vertical component

METHOD OF ANALYSLS

performance method Presented herein utilizes the
equatio& developed in refere~ce 1 for blade-flapping coeffi-
cients, rotor thrust, torque, and proiik-d.rag power and also,
with some modifications, the energy performanm analysis
described in reference 2. Inasmuch as the performance

method described herein is based on the equations developed
in reference 1, the assumptions and limitations incorporated
in the reference equations also rLpply to the performamco
calculations. (The effects of the primary assumptions and
limitations are discussed subsequently in the section entitled
“Range of Application of Charts.”)

In utilizing the equations of reference 1 to compute tho
section lift and drag contributions of the forward-velocity
region, wherein stall effects were ignored, the section lift was
calculated on the basis of constant lift-curve slope (a=5.73)
and the section drag was calculated on the basis of a three-
term drag polar (c~O=0.0087—0.216%+ 0.40WZ). These val-
ues arerepreaentative of “semismooth” bladea and are the same
values used in the construction of the charts of reference 2.
For the reversed-velocity region, the values of c1 and cd+that
were used are shown in fiegyre 1. The values of c, and c~O
above the stall are baaed to some extent on wind-tunnel data
given in reference 3 and are presented in figure 1 on the con-
cept of a 360° angle-of-attack range. This concept is umful
in the amdysis because the angle of attack in the reversecl-
velocity region can exceed 180°.

By following the procedure of reference 1, it was assumed
that the thrust, torque, and power contributions of the
reversed-velocity region could be approximated by using
constant lift and drag coei%cients corresponding to a single
representative section angle of attack. For each flight con-
dition, the representative angle was computed at a ra(lid
station about one-third of the distance from the center ofI
‘rotation to the outboard edge of the reversed-velocity
region and at an tiuth angle of 270°. The forces at this
radial station -were found to represent approsirnately tho
average of the forces in the reversed-velocity region from
plots of the radial distribution of the forces determined from
step-by-step calculations for several sample cases. The
values of c1 and GOcorresponding to the representative nnglo
of attack were obtained from figure 1. Although some
uncertainty as to the maximum value of c~Oin the 90°
angle-of-attack region existg, it was found that the use of a
maximum value of 2.0, for example, instead of 1,6 had m
negligible effect on the chart values over the range of applica-
bility of the charts.

FUNDAMENTALPERFORMANCEEQUATION

The power supplied at the rotor shaft of a helicopter is
expended in overcoming the rotor profile-drag losses, the
induced-drag losses, and the paraaite-drag losses and in
changing the potential energy of the aircraft in climb, The
division of shaft power among the various sources can lm
written in coei%cient form as

C.=c.o+-c.i+ c.,+C.a (1)
Inpresenting the relationship between CP and C=Ofor various’
tight conditions in chart form, the resulting plots me greatly
clarified if the power-coefficient ratios are divided by the
thrust coefficient. Thus,

. (2)

Each ratio of power coei%cient to thrust coe5cient in equn-
tion (2) may be considered alternately aa either an equiva-
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lent drag-thrust ratio (wherein the equivalent drag is equal
to the drag force that would absorb the power at a velocity
equal to fll?) or as an efficiency factor representing power
per unit thrust at a given tip speed.

Ahnost any problem in helicopter performance, whether it
be to determine the shaft power required to maintain a steady-
flight condition, the rate of climb at a given power condition, or
the top speed of a given helicopter, can be solved by means of
the fundamental power relation expressed by equation (2).
It will be noted that the familiar P/L, (D/L)o, . . . notation
used in previous NACA helicopter performance papers is
replaced herein by cp/cT1OPJCT,....The power coefi-

cients are based on the relatively constant QR instead of on
V; thus, the notation used herein avoids having the equiva-
lent drag approach infinity as the forward speed approaches
zero. Eor the same reason, rotor lift L-based on CL, which
is dependent on forward speed—is replaced by the rotor
thrust 5!’ inasmuch as c= is independent of forward speed.
The conversion of one form of ratio to another is simply:

cp_P
T*–Z p

CPo D

()-z= z OP

. . . . .

(3)

2

RELATIONSREQUIREDIN PERFORMANCECALCULATIONS

I’ormulas that are necessary for evaluating helicopter
performance by means of equation (2) are listed as follows:

T COS (a+7)=W+D2siny (4)

(lllquation (4) is based on the assumption that the resultant
rotor force acts along the axis of no feathering.)

c. P
VT=(WT

Cpo= p.
CT (QR)T

oPi c.

~=2/41+(x//4q’/’

*P= lfd
(?* 2CTrR2 COS3 a

(5)

(6)

(7)

(8)

UP, . .

[ ()

CPp sBs+J~jl ~
iz=s’n7 -am% p Cos a

(9)

tan a=]+ *
c.

(lo)
p 2/l [1+ (A/p)q 1/2

These equations, with the exception of equation (9), are
similar to those derived in chapter 9 of reference 4 exbept
for the factor #cos a. Equation (9) includes a drag term
and is derived from a corresponding equation presented in
tho appendix of reference 5 by using a multiplying factor of
p/cos a.

PEEFOEMANCECHAETS

The calculation of the various CP/CT ratios in equations
(5) to (9) can be greatly simplified by means of charts that
relate the more lengthy ratios to the fundamental variables
X, 0.76,and y and to each other. Such charts are presented
in figures 2 to 7, and their use is demonstrated in succeeding
sections of this report.

Each chart of iigures 2, 3, and 4 gives 2C=/Ua as a function
of X and 0.75for tied values of P ranging from 0.05 to 0.50.
In figures 5,6, and 7, CpJCTisshown as a function of Cp/CT,
2(?T/ua,and 0.7Sfor fixed VfdUe9 of P ranging fiOm ().()5 to
0.50. Also, stall limit lines, the signi6cance of which is
discussed in references 2 and 6, are shown in these plots.
I?igure 8 is a graphical presentation of equation (9) from

cos a CPe
which the climb parameter — —

p c, may be determined

from the climb angle 7 and the parasitedrag parameter
ccos a ~.

p c.

OUTLINE OF PERFORMANCE METHOD UTILIZING CHARTS

The problem of computing helicopter performance maybe
thought of as one of finding the value of one variable for
given values of other pertinent variables, the variables being
related by a number of baaic equations. The problem, in
essence, thus becomes the solution of a number of simnha-
neous equations. The procedure can be greatly simplified by
utilizing the performance charts presented in figures 2 to 7.
The steps required in two typical types of performance
calculations will be outlined and demonstrated by a sample
calculation.

CALCULATION OF RATE-OF-CLIMECURVE3

If the rate of climb (or descent) is required, the calculating
procedure would be as follows (for a given p) for the known
parametaa P,W,u,f,QR,and p:

(1)
(q

(3)
(4)
(5)
(6)
(7)
(8)
(9)

Assume T= W and calculate Cy.
Compute Cp/CT bm equation (5).
Find OP~C. and 0.,, from figure 5,6, or 7.
Find A from fi=me 2,3, or 4.
Calculate a from equation (10).
Compute C.JC.and cp&fr8m equations (7) and (S).
Compute C.C/C, from equation (2).
lVnd ~ from figure 8.
Compute V,from the relationship V,= V sin ‘r.

(10) If both ‘Yand D,arevery large, a new C, can be com-
puted by means of equation (4) and the process repeated to
find a new value of V,.

CALCULATION OF POWER-REQUIREDCURVIH

A common performance calculation is to ihd the power
required by a helicopter flying at a given airspeed and at a
given rate of climb (or climb angle). The procedure would
be as follows for the known parameters W,u,f,~,QR, p,and V:

(1) kume that a=OO and that (A/P)2<l; then, calculate
T (and CT) fmm equation (4).

(2) Calculate p from its definition.
(3) Calculate CPJCT1 Cp /CT, and CP~CT from equations

~ For convenience of applica-(7), (8), and (9), respectiv y.
tion, equation (9) has been used to construct figure 8, from



322 REPORT 126*NAmoNAL ADVISORY COl@!TITEE FOR AERONAU&CS

which can be obtained, for example, values of CP~CT for
given values of-y and CPP/Cr.

(4) On the appropriate chart of figure 5,6, or 7, lay off the
sum of ~pi/& CpPIIOT,and cPe/cT along the CPIIZ h- Then,
with that point as a base, constmct a line having a slope of
unity. (If CPOICTand CPJCT were dmsvn to the same scale

in figures 5, 6, and 7, the construction line would be drawn
at a 45° angle. For the actual scales of figures 5.6, and 7,
the line is constructed at an angle which has a tangent of 2.)
The intersection of this he with the proper 2CT/& bO d
yield values for CPO/C=j CPjCT, and 6.78. This procedure is
dlustrated for a constant ,tip+peed ratio by the following
sketch:

In order to a+oid interpolation between tip-speed-ratio
charts, the value of V can be chosen so that Kis an even mul-
tiple of 0.06; otherwise, the answer can be linearly intmpo-
Med between two successive chartm

(5) Since 2Criuu, 0.,5, and P are now known, x can be
found from figure 2, 3, or 4.

(6) Compute a ikom equation (10) and recompute P from

Vcosa
the equation p==.

(7) Recompute C=, CP,/C., C’p~CT,and CPjC. and find
new dues of CplCTad CpJCT.Ifthese values difler from
the initially computed ones by more than a few percent, re-
peat the pmM?S% Normally one iteration is sufficient.
However, when a is within the range of +20° and& 0.50, the
initial assumptions that cos a= 1 and (X/P)*<<l are ade-
quate and no iterations are needed.

SAMPLE PERFORMANCECALCULATION

The performance calculations outlined in the preceding
section will be illustrated by a sample problem: Calculate
the power reqmred by a helicopter traveling at 180 feet per
second and climbing at a rate of 300 feet per minute. The
following additional data are known: TV=4,287 pounds,
u= O.08, flR=600 feet per second, P=0.00238 slug per cubic
foot, R=20 feet, 01= —SO, and ~= 12 square feet.

(1) Assume that a=OO and (k/P)’<<1. Also, ‘Y=sin-’ ~

~pl~
=sin-l &=l.6° and llr-~= 463 pounds. Then, from

equation (4), Z’=4,3OO pounds, and C~=O.0040.
(2) Then, P=lSO/600=0.30.
(3a) From equation (7), CPJC,=O.0067.
(3b) From equation (8), CPP10,=0.0322.

cos a ~
(3c) Then, ~ c. =0.107. From figure 8,

cos a CP
— —’= 0.02S. Thus, $$=0.0084.

p c.
CP4 CP CPC

(4a) ~+~ CT‘+--= 0.0067+0.0322+0.0084=0.0473.

(4b) For w=O.30 and 2CT/Ua=0.018j figure 6(e) gives:

~=o.0315

$=0.0788

0.76=9”

(5) For 0.,,=9° and 2Cr/&= 0.018, figure 3(e) gives
X=–O.080.

(6) The rotor angle of attack a can now be computed from
equation (10) as follows:

–0.080 0.004_—
‘m a– 0.30 ‘0.18(1 +0.0712)llX=–0.M5

a=—ls.s”

(7a) Recomputing the power coefficients with tho abovo
values for a and x results in changes that are within the
accuracy of the computations; therefore, the originally
computed values are suil?icient.

(7b) The power required is then calculated as

~owe,_cP cflpp(a~),

cT

= (0.079) (0.004) T(20)’ (0.00238) (600)’

=204,000 ft-lb/sec

=371 hp

(7c) The rotor profile-drag power is

Profile power= ~9X204000

I =80,000 ft-lb/sec

= 146 hp

RANGE OF APPLICATION OF CHARTS

k the preparation of the charts, it was neceswuy to mnko
some assumptions regarding tho rotor physical paramotms
to be used with the theory. Some of the more pertinon~
effects of these assumptions as well as the effects of tho rc-
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strictive assumptions of the theory me discussed in the
succeeding sections.

BLADECHARACTERISTICS

The sample rotore for which the charts presented herein
were prepared were assumed to have hinged rectangular
blades with a mass factor pcaR’/I,equal to 15 and linear
twists of 0°, –8°, and – 16°. However, according to the
error analysis made in reference 6, itwould appear that the
charts would be applicable to rotors hming values of mass?
factors ranging from O to 25. Thus, although blade-flapping
motion is sensitive to mass factor, average rotor forces are
relatively insensitive to moderate changes in the flapping
motion.

Although the charts were calculated for rotors having
uniform-chord blades, previous experience has shown that,
in general, the forward-flight performance of rotors with
blades having as much as 3:1 taper ratio can be predicted
with good accuracy by equations derived for uniform-chord
blades, provided, that the rotor solidity is based on the
equivalent weighted chord c,.

To determine the effects of blade twist on the theoretical
VahICSof cpo/cT,a comparison of the values obtained from
the charts for the diflerent twists was made at several un-
stalled fight conditions. From the comparison, it appeared
that for forward speeds ranging from the speed for minimum
power to the maximum speeds of present-day helicopters
(that is, for values of tip-speed ratio between approximately
0.06 and 0.30) the effects of twist on the proille power are
small, particularly when considered as a percentage of the
total power required. The importance of twist, however,
is not primarily its effect on profile power but in the delay
of stall. The effect of twist on stall limits is discussed in a
later section of this report.

AIRFOILSECTION CHARAOTEEISllCS

The three-term drag polar used in the preparation of the
charts (see section entitled “Method of Analysis”) is con-
sidered as representative of practical construction blades of
conventional airfoil section having fairly accurate leading-
edge profdes and rigid surfaces. The charts may be ap-
plied, however, to rough or poorly built blades of conven-
tional section by multiplying the profile-drag-thrust ratio
obtained from the charts by a constant “roughness” factor
equal to the ratio of the average of the ordinates of the drag
curve of tho actual blade to the average of the ordinates of
the drag curve used in the charts. If the drag curves do
not have similar shapes, the determination of this factor
should take into account the relative importance of different
angles of attack; a basis for doing this by a method of
“weighting” curves is discussed in reference 7. The angle
of attack at which stall occurs will also be aikcted by the
roughness of the blade surface, and consideration should be
given to the surface condition when estimating the limits of
vrdidity of the theory.

STALLIIMITS

Satisfactory limits to the use of a theory in which stall is
not considered are, for powered flight, the conditions at
which the tip of the retreating blade reaches its stalling angle
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of attack, as shown in references 2 and 6. For the rmto-
rotative case, limits to the theory are shown’ to consist of
the conditions at which the velocity of the blade” elements of
the stalled inboard sections reach high enough values so that
the contributions of these elements to the tot~ thrust and
torque of the rotor become significant. Therefore, follow-
ing the procedure of previous NACA rotor papers (such as
ref. 2), there are included on the charts of this report two
sets of limit lines. One set corresponds to conditions at
which a blade element at an azimuth angle of 2700 with a

relative velocity equal to 0.4 of the tip speed reaches angles
of attack of 120 and 160, whereas the other set corresponds
to conditions at which the blade tip at an azimuth angle of
270° reaches angles of attack of 12° and 16°. These
limit lines are designated by the symbols a@~.04)w.) and

aom)~), respectively. The 12° and 16° lines represent
a range of an@s of attack in which conventional blade
airfoils would be expected to stall. Also, since vibration
and control limitations brought on by blade stall occur, in
general, when the calculated stall angle is mceeded by about
4°, the dillerence between the 12° and 16° lines should also
be useful in estimating the limits to practical operating con-
ditions of a rotor. lModerate amounts of stall can be ap-
proximately accounted for by empirical corrections to the
profile power when the limit lines on the charts are exceeded.
The basis on which these corrections may be made is dis-
cussed in reference 8 and the procedure is summarized in
reference 4 (pp. 266-267). The limit lines on the profile
power charts, however, should be considered only as an
indication of the limits of applicability of the charts. For
estimating the limiting operating conditions the straighk
line plots for thrust-coefficient-solidity ratio or the plots of
figure 9 (a) should be used.

Theory indicates, and flight measurements have shown,
that blade twist is effective in delaying stall. Twisting the
blade so as to lower the pitch at the tip with respect to the
pitch at the root tends to distribute the lift more evenly
along the blades and therefore minimizes the l@h angles
of attack in the tip region. Blade angles of attack of 12°
and 160 at the speciikd stations are plotted in @ure 9(a) as
functions of A and 0.7Sfor 0°, —8°, and —16° twist. For
use in cases wherein it maybe more convenient to determine
the blade angles of attack in terms of power and thrust
coefficients, combinations of (?P/CT and 2CT/Ua for which
blade angles of attack at the specified station reach 12°
and 16° for 0°, –8°, and –16° twist are plotted in @ure
9 (bj. As would be expected, these plots show that &~her
values of CT/~ can be attained with neggtive twist before
retreating blade stall is encountered. Conversely, the
greater the negative twist, the higher the tip-speed ratio
that can be reached at a given C~/u before the onset of stall.

It should be noted that negative values of twist tend to
decrease the angle of attack at the tip of the advancing
blade. The advancing-blade-tip angle of attack is shown in
iigure 10 as a function of 2C,/ua and P at several power
conditions (as represented by the pitch values) for twists
of —8° and —16°. Although the large negative angles of
attack at the advancing-blade tip will advemely affect the
performance, this efTect is believed to be of less importance



. .

324 RDPORT 126&NATIONAL ADVJSORY CO~ FOR AERONAUTICS

than the benefits achieved by the delay in retreating blade
stall. There is the possibili@-, however, that high negative
advrmcing-blade-tip angles of attack would result in a con-
tribution to blade stresses which should be considered for in-
dividual designs. These tip angles, however, were calculated
on the basis of uniform inflow velocity, and the local upwash
which tends to occur at the advancing tip should resul~ in
less negative values.

CO~R~Y LIBfITS

The section lift and drag coefficients used in the prep-
tion of the charts of this report do not vary with Mach
number. It is expected that the primary effect of such
variation would be an increase in the proiibd.rag power if
the drag-divergence Mach number were approached or
mceeded. Therefore, the charts underestimate the power
required for a rotor operating -within the range where com-
pressibility effects are encountered. It is hoped that power
losses due to compressibility may be taken into account
by adding corrections to the charts in a manner similar to
that done for the effects of stall. The corrections probably
could be baaed on results of strip analyses or on experimental
data. The operational limits imposed by Mach number,
however, are yet to be determined.

CONCLUDING REMARKS

Charts based on rotor theory have been presented from
which the proiiledrag-thrust ratio of a rotor can be deter-
mined for various combinations of pitch angle, ratio of thrust
coefficient to solidity, tip-speed ratio, and power input.
The equations on which the charts are based have taken into
rmcount blade stall in the reversed-velocity region and are not
limited by small-angle assumptions for blade pitch and
inflow angles. For these reasons the method is believed to
be more accurate than previous methods for cases wherein
the rotor inflow velocity is relatively large, for rotors oper-
ating at steep rates of climb or descent, for flight at high
tip-speed ratios, or for cmvertiplane transition attitudes.

. .

In addition to providing a convenient merms for quickly
estimating rotor performance, the charts should be useful
as a means for estimating the eilects of changea in design
variables and as a base to which corrections may be applied
for the effects of stall and compressibility. Charta which
indicate the stall condition of the rotor and which serve b
indicate the limits to practical rotor operating conditions
are also presented.

The method of using the charts for performance estimation
is outlined and illustrated through computation of a sample
problem.

LANGLEY AERONAUTICAL LABORATORY,

3NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,

LANGLEY FIELD, VA., Nov.mber %, 1966.
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(a) Retreating-blade angle of attack aa function of infiow ratio and collective pitch.

FIGURE 9.—Plot9 for estimating retreating-blade W conditions.
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